A field experiment was conducted on trace metal contaminated soil at Patratu (Ramgarh) to study the effect of lime, compost, plant growth promoting rhizobacteria and arbuscular mycorrhizal fungi on micronutrient removal viz. Zn, Cu, Mn and Fe in mustard-maize cropping system. Results reveal that inoculation with Glomus mossae, Pseudomonas striata and Azotobacter chroococcum increased Zn concentration to the extent 13 to 32, 10 to 24 and 9 to 24 (%), respectively over control. Copper, manganese and iron uptake followed almost similar trend as that of Zn. Microbial inoculants with or without vermicompost increased the trace metal removal, however, vermicompost alone decreased the removal. It was observed that microbial inoculations reduced the total Zn, Cu, Mn and Fe content in soil. However, available micronutrients were significantly reduced by microbial inoculation and amendments.
Introduction
Trace metals are ubiquitous in the environment and present in small amounts in normal condition. Contamination of trace metals refers to their anthropogenic accumulation, which may or may not inflict any harm to the system or organism.
Pollution is the worst example of contamination where irreversible toxicity-damage has already occurred due to buildup of the toxic substances in the system 1 . Anthropogenic sources of trace elements are a consequence of industrial development and urbanization. These sources are related to human activities such as mining and smelter activities, fossil fuel combustion, waste incineration and disposal, agricultural practices like use of fertilizers and pesticides 2 . Soil is the key component of natural ecosystems because environmental sustainability depends largely on a sustainable ecosystem. Unlike other environmental components, pollutants have long residence time in soil. Therefore, soil acts as a sink or a filter in which pollutants are accumulated rapidly but depleted slowly. Jharkhand has several coal mines. The Damodar river basin is a repository of approximately 46 per cent of the Indian coal reserves. Due to extensive coal mining and rapid growth of industries, soil and water resources have been badly contaminated. Besides mining, coal based industries like coal washeries, coke oven plant, coal fired thermal power plant, steel plants and other related industries in the region are responsible for degradation of environmental quality. Hence, the present investigation was planned to study the effect of amendments and microbial inoculants on micronutrient removal by mustard-maize cropping system in trace metal contaminated soil. . Mustard (cv. T 59) and maize (cv. PEHM 2) were grown in sequence at the same site with 10 treatments in randomized block design with three replications. The plant samples were collected at harvest of the crop, washed with double distilled water, oven dried and digested in mixture of HNO 3 :HClO 4 in the ratio of 9:4 at 80 0 C until a transparent solution was obtained (Allen, et al., 1986 ) and mustard-maize system (584g ha -1 ) was observed with Azotobacter chroococcum inoculation. The differences observed among three microbial inoculants were not significant. Application of vermicompost alone or in combination with lime and microbial inoculants resulted in reduction of Zn uptake. However, significant reduction in Zn removal by crops was observed when lime was applied either alone or in combination with vermicompost. Per cent increase or decrease in Zn removal by crops is presented in fig.1 The extent of decrease in Zn uptake by vermicompost, lime and their combination was 5 to 12, 8 to 17 and 9 to 17 per cent over control. However, increase in Zn uptake from 22 to 43, 19 to 41 and 24 to 26 per cent as compared to control was observed under G. mossae, P. striata and A. chroococcum inoculation. Copper uptake followed almost similar trend as that of Zn. Cu uptake by mustard stover + grain (34g ha -1 ) and maize straw (207g ha -1 ) was higher under G. mossae inoculation while Cu uptake by maize straw + grain (230g ha -1 ) and mustard-maize system (233g ha -1 ) was higher under A. chroococcum inoculation. Reduction in Cu removal by crops with vermicompost, lime and their combination was noticed (9 to 17 per cent over control). It was also observed that when vermicompost was applied with microbial inoculants this resulted in decreased Cu uptake as compared ) and mustardmaize system (673g ha -1 ). However, Mn removal by crops with G. mossae, P. striata and A. chroococcum inoculation were statistically at par. Vermicompost application alone or with microbial inoculants and lime decreased the Mn removal to some extent. Higher Fe uptake by mustard was recorded with P. striata, while G. mossae recorded the high Fe uptake by maize and mustard-maize system. Reduction in Fe uptake was also observed with vermicompost, lime and their combination. Increase in micronutrient removal by plant growth promoting rhizobacteria (Pseudomonas striata and Azotobacter chroococcum) might be due to their ability to produce siderophores that chelate cations and make available to the plant root. ) was found with Glomus mossae inoculation which was at par with other two microbial inoculants. However, DTPA-Zn was significantly reduced by microbial inoculation and amendments. The extent of reduction was 17 to 49 per cent over control for microbial inoculants and the corresponding value was 17 to 24 per cent for amendments (Fig. 4.19) . Total Cu, Mn and Fe followed similar trend of reduction in content by microbial inoculations and the extent was 6 to 21, 3 to 18 and 2 to 5 per cent, respectively over control. Glomus mossae was the most efficient strain in reducing the total content; however, no significant influence of amendments on total metal content was noticed after harvest of both crops. Application of vermicompost, lime, lime + vermicompost and microbial inoculations resulted in significant reduction in DTPA-Cu, Mn and Fe after harvest of crops and the extent was 16 to 43, 19 to 36 and 18 to 27 per cent for microbial inoculations and 16 to 22, 12 to 22 and 14 to17 for amendments. It was noticed that microbial inoculation along with vermicompost resulted in further reduction of DTPA extractable micronutrients in soil. Pseudomonas striata and Azotobacter chroococcum have ability to produce siderophores which chelate cations and make available to the plant roots. This might be the possible reason for increased micronutrient uptake by crops, resulting in reduced total and available content in soil. The results are in conformity with Leung, et al. (2000) and Gamalero, et al. (2004) . Formation of abuscules vesicules by Glomus mossae, that help plant to capture nutrients from soil might had increased the micronutrient uptake thereby reduction in content (Jeffries, et al., 2003 and Weng, et al., 2004 . Reduction in available micronutrient 
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Conclusion
On the basis of present investigation it can be concluded that microbial inoculation resulted in increased micronutrients removal by mustard, maize 
